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moorLDI2-IR (moorLDI2 Infrared laser Doppler imager)

moorLDI2-HIR  (moorLDI2 High resolution infrared laser
Doppler imager)

moorLDI2-VR  (moorLDI2 Visible red laser Doppler imager)

moorLDI2 laser Doppler imager

Extravascular blood flow probe

(21 CFR 870.2120, Product code DPT)
Powered laser surgical instrument

(21 CFR 878.4810, Product Code GEX)

moorLDI2-IR laser Doppler imager
510(k) Number - K032841
Product codes DPT & GEX
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5.2 Device information

Trade names: moorLDI2-IR (moorLDI2 Infrared laser Doppler imager)
moorLDI2-HIR  (moorLDI2 High resolution infrared laser
Doppler imager)
moorLDI2-VR  (moorLDI2 Visible red laser Doppler imager)

Common Name: moorLDI2 laser Doppler imager

Classification Name: Extravascular blood flow probe
(21 CFR 870.2120, Product code DPT)

Powered laser surgical instrument
(21 CFR 878.4810, Product Code GEX)

Predicate Device: moorLDI2-IR laser Doppler imager
510(k) Number - K032841

5.3 Description of the device

The moorLDI2 is a device to perform non-invasive blood flow measurements in the
microcirculation, for example skin, using the established laser Doppler technique to quantify
movement of blood cells beneath the skin surface.

Laser Doppler Imaging (LDI) is a technique first established commercially in the early 1990’s and
as such published studies now cover numerous pre-clinical, clinical research and clinical
applications.

The system scans a very low power laser beam across the tissue. Moving blood in the
microvasculature causes a Doppler frequency shift of the laser light, which is photo detected and
processed to generate a colour coded blood flow map, line by line. An in built CCD camera
records a colour photograph to aid visualisation of the scan site.
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Figure 1. Principle of operation
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The moorLDI2 laser Doppler imager scan head case consists of two injection moulded parts.
Additionally a detachable injection moulded connector cover covers the external connectors in
normal use. All injection moulded components are manufactured using Sika Biresin RG53 FR
resin which is flame retardant to UL 94-V0. The enclosure has a cream coloured painted finish.

term “moorLDI2".

Figure 2. moorLDI2 fitted to Desktop Stand (DS2)

There are 3 moorLDI2 variants based upon the same design, moorLDI2-VR, moorLDI2-IR and
moorLDI2-HIR. The key differences are shown in Table 1. In all other respects the three
instruments are essentially identical in terms of their design and construction. Where differences
between the instruments are not significant, they are collectively referred to using the generic

Model moorLDI2-VR moorLDI2-IR moorLDI2-HIR
Laser type Helium Neon Infra-red laser | Visible red laser | Infra-red laser | Visible red laser
yp gas laser diode diode diode diode
Wavelength 633nm 785nm 658nm 785nm 658nm
Maximum
output power 2.5mwW 2.35mw 130pwW 1.5mw 130pW
Beam diameter 0.7mm minimum (25cm from scan
1.2mm 1.2mm

(1/€? points)

head)

Beam I I
divergence 1.4milliradians 2 6milliradians
Scan Area (Normal area): 6.6cm x 6.6cm (Normal area): 2.5cm x 2.5cm

(20cm Distance)

(Large area): 13cm x 13cm

(Large area): 5cm x 5cm

Scan Area
(100cm Distance)

(Normal area): 25cm x 25cm
(Large area): 50cm x 50cm

(Normal area): 9.4cm x 9.4cm
(Large area): 18.8cm x 18.8cm

Table 1
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The physical and performance characteristics of the moorLDI2 laser Doppler imager are
summarised in Table 1 and Table 2:

Measured
Parameters

Flux (Tissue perfusion)

Range:

Accuracy:
Precision:
standard

0-5000 PU

+10% relative to Moor Instruments ‘standard’ moorLDI
+3% of measurement from temperature controlled (22 +1°C) motility

Conc (Concentration of blood flow)

Range:
Accuracy:
Precision:

DC (Intensity)
Range:
Accuracy:
Precision:

0-5000 AU
+10%
+3% of measurement value

0-5000 AU
+10%
+3% of measurement value

Maximum image

256 x 256 pixels

resolution
Scan speed 4ms/pixel, 10ms/pixel, 50ms/pixel
Standard system High resolution system (moorLDI2-HIR)
20cm distance 20cm distance
(Normal area): 6.6cm x 6.6cm (Normal area): 2.5cm x 2.5cm
Scan area (Large area): 13cmx 13cm (Large area): 5cm x 5cm
100cm distance 100cm distance
(Normal area): 25cm x 25cm (Normal area): 9.4cm x 9.4cm
(Large area): 50cm x 50cm (Large area): 18.8cm x 18.8cm
Bandwidth Lower cut-off frequency (3dB): 20/100/250Hz (Scan rate dependant)
Upper cut-off frequency (0.1dB):  3/15/22.5kHz (Selectable)
CMOS Camera Colour,. Auto Focus, 2592 x 1944 pixel resolution, 1296 x 972 (2 x binned) pixel
resolution
Indoor: e.g. hospital or laboratory use
Operating Temperature range: 15-30°C

environment

Humidity:

Atmospheric pressure:
Lighting conditions:

20-80% RH (excluding condensation)
within 86.0kPa to 106.0kPa (645mmHg to 795mmHg)
Normal, ambient room lighting

Storage and
transportation
environment

Temperature range:

Humidity:

Atmospheric pressure:

5-50°C
20-80% RH (excluding condensation)
50.0-106.0kPa (375-795mmHg)

Humidity: 0-80%, non-condensing
. . Scan Head: 426x244x300mm (WxHxD) max
Dimensions | ;. 107x56x171mm (WxHxD) max
. Scan Head: 9.0kg
Weight PSU: 0.5kg

Power source

AC mains, Universal switched mode, 100-230V, 50-60Hz, 50VA power consumption
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Type of protection against electric shock — Class 1

Degree of protection against electric shock — Non-patient contact, no applied part
Degree of protection against ingress of liquid — IPXO0 (not protected)

Degree of protection against flammable anaesthetics — equipment not suitable for use in
the presence of a flammable anaesthetic mixture with air or with oxygen or nitrous oxide

Electrical safety
classification

Medical device | Class lla Active device for diagnosis under EC directive 93\42 EEC 14th June 1993
classification | Medical Device Directive.

Laser

Classification Class 3R (per IEC 60825-1:2007)

Dual core Pentium® 4 processor, 2GHz or higher compatible CPU
2GB RAM

Super VGA monitor (1024 x 768 resolution or higher)

100GB of available hard drive space

Operating System: Windows 7 (32/64-bit), Windows 8 (32/64-bit)
2 USB ports

Minimum
Computer
Specification

Table 2
5.4 Intended Use

The moorLDI2 Laser Doppler Imager is intended for blood flow measurements in the
microcirculation. It is intended to be used for clinical research applications and pre-clinical
research applications. The intended use remains the same as for the predicate device.

5.5 Technological comparison to predicate device

The moorLDI2 laser Doppler imager uses the same principle of operation as the predicate device.
The overall optical and mechanical design is very similar to the predicate device, but the
electronic control system and associated software have been completely redesigned to resolve
component obsolescence problems and to reduce the manufacturing costs.

The design of the predicate device consists of a scan head and a separate control box which
contains most of the electronic control systems. In the revised design most of the electronic
systems are now integrated within the scan head and the only extra component is a small
external mains power supply. The external design of the scan head remains unchanged, except
for revised graphics on the front panel. The following picture shows the revised design on the left
and the predicate device on the right.

<%

—

Although the revised design involves changes to the electronic hardware and software, it uses the
same principles of operation and is intended to provide essentially the same measurement
performance as the existing system. All of the major performance specifications remain
unchanged.

The similarities between the systems are as follows:
e Has the same intended use.
e Uses the same operating principle.
e Has the same image resolution options.
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e Has the same laser classification.
e The scan head has the same external dimensions.

The main differences between the systems are as follows:

e The revised design has all electronics, with the exception of the mains power supply,
located in the scan head. Therefore it no longer requires the large external control box,
just a small external PSU.

e Avisible red (633nm) laser option has been added which restricts measurement depth to
superficial surface blood flow.

e A high resolution option has been introduced which provides increased spatial resolution
for smaller measurements sites.

e A USB camera has replaced the Firewire camera to increase reliability and reduce the
build cost of the system.

The model range has been extended to include 3 variants which differ in terms of laser
wavelength and image area and resolution. The model variants are related to the predicate
device as shown in Table 3.

Image Comparison with
Model Laser (Wavelength) Resolution Image area predicate device
moorLDI2-IR Infra-red laser diode (785nm) Standard Standard Same
moorLDI2-HIR | Infra-red laser diode (785nm) High Small New
noorLDI2-VR | Helium Neon gas laser (633nm) Standard Standard New
Table 3

The visible red (633nm) laser in the moorLDI2-VR system provides reduced measurement depth
compared with the infrared (785nm) laser in the other two systems. The moorLDI2-HIR system is
optimised to provide increased resolution for smaller measurement sites.

5.6 Performance comparison to predicate device

The moorLDI2 laser Doppler imager was tested in direct comparison to the predicate device
using laboratory models and skin blood flow measurements on volunteers.

5.7 Conclusions

The moorLDI2 laser Doppler imager demonstrated that the device is as safe, as effective and
performs as well as or better than the predicate device.






